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PATENT 

ATTORNEY DOCKET NO: 00398/518002 

COMPOSITIONS INVOLVING M-RIP, AND RELATED METHODS FOR 
5 SCREENING FOR ANTI-HYPERTENSIVE AGENTS, AND USES 

THEREOF 

Cross Reference to Related Applications 

This application claims the benefit of the filing date of U.S. provisional 
10 application, U.S.S.N. 60/426,591, filed November 15, 2002. 

Field of the Invention 

In general, the present invention involves the treatment, prevention, and 
reduction of hypertensive conditions. In particular, the invention relates to methods 
15 for identifying candidate compounds useful for treating or preventing hypertensive 
conditions. Further, methods are provided for preventing or reducing hypertension. 

Background of the Invention 

Hypertension, a state characterized by the elevation of arterial blood pressure, 
20 is a widespread problem in developed countries. Although the etiology of this 
condition has yet to be clearly defined, a number of factors, both genetic and 
environmental, have been implicated as causal agents. Such factors include, for 
example, family history, salt intake, obesity, age, race, sex, stress, diet, smoking, 
serum cholesterol, and glucose intolerance. In certain cases, hypertension can also 
25 develop as a consequence of other disorders, such as Cushing's syndrome. 

The repercussions of hypertension are diverse and, if untreated, hypertension 
often leads to premature death. Since elevated blood pressure imposes an increased 
workload on the heart, hypertensive patients often suffer from various cardiovascular 
disorders, such as angina pectoris, cardiac hypertrophy, coronary vascular diseases, 
30 ischemic heart injury, and, in more severe cases, myocardial infarction and heart 
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failure. In addition, hypertension is often concomitant with the development of renal 
disorders and the occurrence of cerebrovascular conditions, such as cerebral infarction, 
cerebral hemorrhage, and subarachnoid hemorrhage. Reducing arterial blood pressure 
is thus critical in the prevention and even the treatment of such life-threatening 
5 conditions. 

Various therapeutic strategies, including the administration of beta-blockers and 
vasodilators for example, have been designed for the treatment of hypertension and its 
associated complications. Though such modalities are generally effective in reducing 
blood pressure in patients, they are frequently associated with serious debilitating side 

10 effects, such as potassium depletion, hyperglycemia, depression, carbohydrate 
intolerance, tachychardia, allergic skin rashes, and in more severe cases vomiting, 
fever, diarrhea, angina, and cardiac failure. These drugs are therefore only 
administered to patients who suffer from severe cases of hypertension. In less serious 
cases, adoption of a healthier lifestyle is often recommended. Such lifestyle changes or 

15 therapies include dietary improvements or supplementation, stress reduction, physical 
exercise, and restriction of both alcohol consumption and smoking. While this latter 
strategy is generally safe and free from substantial side effects, the efficacy of lifestyle 
changes is variable and highly dependent on the patient's compliance. Furthermore, the 
anti-hypertensive effects provided by lifestyle improvements are rarely sufficient, 

20 particularly in moderate or severe cases of hypertension. 

Thus, additional therapeutic modalities for reducing or preventing hypertension 
and its associated conditions are desirable. 

Summary of the Invention 

25 In general, the invention provides compositions containing myosin phosphatase- 

Rho interacting protein (M-RIP), screening methods based on this protein or its nucleic 
acid coding sequence to identify anti-hypertensive agents, and uses of those agents for 
treating hypertensive conditions. 

Accordingly, in a first aspect, the invention features a substantially pure 
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polypeptide having at least 95%, 98%, 99%, or 100% sequence identity with the amino 
acid sequence of M-RIP protein (e.g., human or mouse). The amino acid sequence of 
the M-RIP protein is preferably substantially identical to SEQ ID NO: 1. Desirably, the 
polypeptide of the invention binds myosin phosphatase, RhoA, or both. 
5 The invention also features a substantially pure nucleic acid molecule 

having at least 90%, 95%, 98%, 99%, or 100% sequence identity to the nucleic 
acid sequence of the M-RIP polynucleotide (SEQ ID NO: 19). The M-RIP 
polynucleotide may encode a human M-RIP protein. Desirably, the nucleic acid 
molecule of the invention encodes a polypeptide having an amino acid sequence 

10 substantially identical to SEQ ID NO: 1 . Even more desirably, the nucleic acid 
encodes a polypeptide that binds myosin phosphatsase, RhoA, or both. 

In another aspect, the invention provides methods for identifying a 
candidate compound for treating, reducing, or preventing hypertension or a 
hypertensive condition in a mammal. These methods involve the steps of: (a) 

15 contacting a cell expressing an M-RIP gene with a candidate compound; and (b) 
measuring M-RIP gene expression or M-RIP protein activity in the cell. A 
candidate compound that decreases the expression or the activity of M-RIP, 
relative to M-RIP expression or activity in a cell not contacted with the candidate 
compound, is identified as a candidate compound useful for treating, reducing, or 

20 preventing hypertension or a hypertensive condition in a mammal. For example, 
the candidate compound may reduce binding of M-RIP to myosin phosphatase, 
RhoA, or both. 

In preferred embodiments, the M-RIP gene is an M-RIP fusion gene and 
the M-RIP-expressing cell is a mammalian cell (e.g., a rodent cell). In other 
25 embodiments, step (b) involves the measurement of M-RIP mRNA or protein. 

In a related aspect, the invention provides methods for identifying a 
candidate compound for treating, reducing, or preventing hypertension or a 
hypertensive condition in a mammal. These methods involve the steps of: (a) 
contacting an M-RIP protein with a candidate compound; and (b) determining 
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whether the candidate compound binds the M-RIP protein and/or decreases M-RIP 
activity. Candidate compounds that bind and decrease M-RIP activity are 
identified as candidate compounds useful for treating, reducing, or preventing 
hypertension or a hypertensive condition, in a mammal. Preferably, the candidate 
5 compound reduces binding of M-RIP to myosin phosphatase, RhoA, or both. 

In yet another related aspect, the invention provides methods for identifying 
a candidate compound for treating, reducing, or preventing hypertension or a 
hypertensive condition in a mammal. These methods involve the steps of: (a) 
contacting an M-RIP protein (e.g., human M-RIP protein) with a candidate 
10 compound; and (b) determining whether the candidate compound decreases 

binding of M-RIP to myosin phosphatase, RhoA, or both. Candidate compounds 
that decrease such binding are identified as candidate compounds useful for 
treating, reducing, or preventing hypertension or a hypertensive condition, in a 
mammal. 

15 In preferred embodiments, these methods also test the ability of the 

candidate compound to decrease the expression of the M-RIP gene in a cell, for 
example a mammalian cell such as a rodent or human cell. Most preferably, the 
M-RIP is human M-RIP. 

In another aspect, the present invention also features methods for treating, 

20 reducing, or preventing hypertension or a hypertensive condition in a mammal, as 
well as providing methods and compositions for identifying new candidate 
compounds for treating these disorders. 

Accordingly, the invention features a method for treating, reducing, or 
preventing hypertension or a hypertensive condition in a mammal by 

25 administering to the mammal a pharmaceutical composition containing a 

therapeutic agent that reduces the level or activity of myosin phosphatase-Rho 
interacting protein (M-RIP) in an amount sufficient to treat, reduce, or prevent 
hypertension or a hypertensive condition. Although the expression of M-RIP is 
preferably reduced in vascular smooth muscles cells, such expression may also be 
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reduced in other cells in the mammal. Desirably, the agent of the invention 
reduces the level or activity of M-RIP by at least 10%, 20%, 305, 40%, 50%, 60%, 
70%, 80%, 90%, 95%, or even 100% below untreated control levels. For 
example, the agent may reduce binding of M-RIP to myosin phosphatase, RhoA, 
5 or both. Alternatively, the agent of the invention increases the activity of myosin 
phosphatase by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 
100%, or more than 100% above untreated levels. Following the administration of 
this agent, smooth muscle cell contraction is decreased by at least 10%, 20%, 305, 
40%, 50%, 60%, 70%, 80%, 90%, 95%, or even 100% below untreated control 
10 levels such that hypertension or the hypertensive condition is treated, prevented, or 
reduced. 

In all foregoing aspects of this invention, the mammal being treated is 
preferably a human. Typically, hypertensive conditions treated according to the 
present invention are cardiovascular (e.g., angina pectoris, ischemic heart disease, 

15 cardiac hypertrophy, myocardial infarction, coronary artery disease, congestive 
heart failure, vascular injury, blood vessel spasm, myocardial ischemia, or aortic 
aneurysm), cerebrovascular (e.g., cerebral infarction, cerebral hemorrhage, brain 
damage, loss of vision, or subarachnoid hemorrhage), or renal (e.g., renal failure, 
or end- stage renal disease). 

20 Optionally, the mammal administered with the agent that reduces the level 

or activity of M-RIP may also receive a second therapeutic regimen, which may 
include a therapeutic agent. According to this invention, examples of second 
therapeutic agents include diuretics (e.g., chlorthalidone, furosemide, 
hydrochlorothiazide, indapamide, metotazone, amiloride, spironolactone, or 

25 triamterene), beta-blockers (e.g., acebutolol, amlodipine, amiodarone, atenolol, 
betaxolol, bisoprolol fumarate, carterolol hydrochloride, metoprolol, mexiletine, 
moricizine, nadolol, penbutolol, pindolol, procainamide, propranodlol, or timolol), 
sympathetic nerve inhibitors (e.g., guanabenz, guanfacine, guanadrel, midodrine, 
or primidone), vasodilators (e.g., cyclandelate, hydralazine, isoxsuprine, 
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minoxidil, nicotynyl, nylidrin, or papaverine), angiotensin converting enzyme 
inhibitors (e.g., benazepril, captopril, cilazapril, enalapril, enalaprilat, fosinopril, 
lisinopril, moexipril, perindopril, quinapril, ramipril, or trandolapril), angiotensin 
II receptor blockers (e.g., candesartan, eprosartan, irbesarten, losartin, telmisartan, 
5 or valsartan), alpha blockers (e.g., doxazosin, prazosin, or terazosin) or calcium 
channel blockers (e.g., amlodipine, bepridil, diltiazem, felodipine, flunarizine, 
isradipine, mibefradil, nicardipine, nifedipine, nimodipine, nisoldipine, or 
verapamil). If needed, the second therapeutic agent may be nitroprusside or 
diazoxide. In addition to a second therapeutic agent, administration of the agent 

10 that reduces the level or activity of M-RIP may also be complemented by a low-fat 
diet, low sodium diet, stress management, physical exercise, reduction in alcohol 
intake, or reduction in smoking. 

The invention also provides a kit containing (a) a therapeutic agent that 
decreases the level or activity of M-RIP; and (b) instructions for delivery of the 

is agent to a mammal under conditions suitable for treating, reducing, or preventing 
hypertension or a hypertensive condition. For example, the agent may reduce 
binding of M-RIP to myosin phosphatase, RhoA, or both. 

As used herein, by "M-RIP" is meant a polypeptide that forms a complex 
with myosin phosphatase and RhoA proteins and therefore regulates myosin 

20 phosphatase activity. M-RIP proteins of the invention are substantially identical to 
the naturally occurring M-RIP of SEQ ID NO: 1. Preferably, the M-RIP decreases 
myosin phosphatase activity by at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%o, 80%o, 90%, or more than 100% below control levels as measured by any 
standard method. Alternatively, the M-RIP protein of the invention may decrease 

25 vascular relaxation by at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%o, or more than 100% below untreated control levels by measuring contractile 
and relaxant responses in vascular rings, for example, as described by Zhu et al. 
{Science (2002) 5554: 505-8). The activity of the M-RIP protein may also be 
determined by its ability to increase blood pressure by at least 5%, 10%o, 20%, 
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30%, 40%, 50%, 60%, 70%, 80%, 90%, or more than 100%, as measured by any 
standard technique. 

By an "M-RIP gene" is meant a nucleic acid that encodes an M-RIP 
protein. 

5 By "substantially identical," when referring to a protein or polypeptide, is 

meant a protein or polypeptide exhibiting at least 75%, but preferably 85%, more 
preferably 90%, most preferably 95%, or even 99% identity to a reference amino 
acid sequence. For proteins or polypeptides, the length of comparison sequences 
will generally be at least 20 amino acids, preferably at least 30 amino acids, more 

10 preferably at least 40 amino acids, and most preferably 50 amino acids or the full 
length protein or polypeptide. Nucleic acids that encode such "substantially 
identical" proteins or polypeptides constitute an example of "substantially 
identical" nucleic acids; it is recognized that the nucleic acids include any 
sequence, due to the degeneracy of the genetic code, that encodes those proteins or 

15 polypeptides. In addition, a "substantially identical" nucleic acid sequence also 
includes a polynucleotide that hybridizes to a reference nucleic acid molecule 
under high stringency conditions. 

By "high stringency conditions" is meant any set of conditions that are 
characterized by high temperature and low ionic strength and allow hybridization 

20 comparable with those resulting from the use of a DNA probe of at least 40 
nucleotides in length, in a buffer containing 0.5 M NaHP0 4 , pH 7.2, 7% SDS, 
ImM EDTA, and 1% BSA (Fraction V), at a temperature of 65 C, or a buffer 
containing 48% formamide, 4.8X SSC, 0.2 M Tris-Cl, pH 7.6, IX Denhardt's 
solution, 10% dextran sulfate, and 0.1% SDS, at a temperature of 42 C. Other 

25 conditions for high stringency hybridization, such as for PCR, Northern, Southern, 
or in situ hybridization, DNA sequencing, etc., are well known by those skilled in 
the art of molecular biology. See, e.g., F. Ausubel et al., Current Protocols in 
Molecular Biology, John Wiley & Sons, New York, NY, 1998, hereby 
incorporated by reference. 
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By "substantially pure" is meant a nucleic acid, polypeptide, or other 
molecule that has been separated from the components that naturally accompany 
it. Typically, the polypeptide is substantially pure when it is at least 60%, 70%, 
80%, 90%, 95%, or even 99%, by weight, free from the proteins and naturally- 
5 occurring organic molecules with which it is naturally associated. For example, a 
substantially pure polypeptide may be obtained by extraction from a natural 
source, by expression of a recombinant nucleic acid in a cell that does not 
normally express that protein, or by chemical synthesis. 

The term "isolated DNA" is meant DNA that is free of the genes which, in 

10 the naturally occurring genome of the organism from which the given DNA is 
derived, flank the DNA. Thus, the term "isolated DNA" encompasses, for 
example, cDNA, cloned genomic DNA, and synthetic DNA. 

By "M-RIP fusion gene" is meant an M-RIP promoter and/or all or part of 
an M-RIP coding region operably linked to a second, heterologous nucleic acid 

15 sequence. In preferred embodiments, the second, heterologous nucleic acid 
sequence is a reporter gene, that is, a gene whose expression may be assayed; 
reporter genes include, without limitation, those encoding glucuronidase (GUS), 
luciferase, chloramphenicol transacetylase (CAT), green fluorescent protein 
(GFP), alkaline phosphatase, and /3-galactosidase. 

20 By "hypertensive condition" is meant any pathological condition resulting 

from hypertension, or an elevated blood pressure in a mammal. Such conditions 
are typically cardiovascular, cerebrovascular, or renal. 

A mammal is considered to have hypertension if their blood pressure is 
found to be consistently elevated over optimal levels, or alternatively as having a 

25 systolic blood pressure/diastolic blood pressure above 120/80 mmHg. For 
example, individuals having a systolic pressure of 140 mmHg are amenable to 
treatment according to the present invention. Mammals diagnosed with 
hypertension need not have a hypertensive condition to be treated according to this 
invention. 
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By "cardiovascular condition" is meant any pathological condition resulting 
in an injury to the heart, any related cardiac tissue, or the cardiovascular system as 
a result of hypertension. Such conditions include, for example, vascular injury, 
blood vessel spasm, myocardial ischemia, angina pectoris, cardiac hypertrophy, 
5 myocardial infarct, or congenital heart failure. 

By "reduce the level or activity of M-RIP" is meant to reduce the level or 
biological activity of M-RIP relative to the level or biological activity of M-RIP in 
an untreated control. According to this invention, such level or activity is reduced 
by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or even 

10 greater than 100%, relative to an untreated control. For example, the biological 
activity of M-RIP is reduced if binding of M-RIP to myosin phosphatase, RhoA, 
or both is reduced, thereby resulting in a reduction in vascular hypertension. 

By "treating, reducing, or preventing hypertension" is meant decreasing the 
average blood pressure over time in a mammal that has been diagnosed or is at 

15 risk of hypertension. For example, mammals having a blood pressure consistently 
elevated over 140 systolic or 90 diastolic are treated according to the methods of 
this invention. Such reduction or degree of prevention of hypertension is a 
reduction in the systolic or diastolic or both of at least 5%, 10%, 20%, 40%, 50%, 
60%, 70%, 80%. 90%, or 100% relative to an untreated control as measured by 

20 any standard technique. 

By "treating, reducing, or preventing a hypertensive condition" is meant 
ameliorating such condition before or after it has occurred. As compared with an 
equivalent untreated control, such reduction or degree of prevention is at least 5%, 
10%, 20%, 40%, 50%, 60%, 80%, 90%, 95%, or 100% as measured by any 

25 standard technique. A patient who is being treated for a hypertensive condition is 
one who a medical practitioner has diagnosed as having such a condition. 
Diagnosis may be by any suitable means. Methods for diagnosing vascular 
damage, such as atherosclerosis, by measuring systemic inflammatory markers are 
described, for example, in U.S. Patent No. 6,040,147, hereby incorporated by 
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reference. Diagnosis and monitoring may also employ urine tests; microscopic 
urinalysis; hematocrit; measurements of blood levels of serum potassium, serum 
creatinine, blood urea nitrogen, fasting glucose, thyroid stimulating hormone, lipid 
content (HDL, LDL, cholesterol and TG), serum calcium, and serum phosphate, or 
5 total cholesterol; electrocardiogram, echocardiogram, white blood cell count, or 
chest X-ray. A patient in whom the development of a hypertensive condition is 
being prevented may or may not have received such a diagnosis. One in the art 
will understand that these patients may have been subjected to the same standard 
tests as described above (electrocardiogram, chest X-ray, etc.) or may have been 
10 identified, without examination, as one at high risk due to the presence of one or 
more risk factors (e.g., family history, hypertension, diabetes mellitus, high 
cholesterol levels, or having a pathological condition predisposing to secondary 
hypertension). 

By "an effective amount" is meant an amount of a compound, alone or in a 
15 combination, required to reduce or prevent hypertension or to treat or prevent a 
hypertensive condition in a mammal. The effective amount of active compound(s) 
varies depending upon the route of administration, age, body weight, and general 
health of the subject. Ultimately, the attending physician or veterinarian will 
decide the appropriate amount and dosage regimen. 
20 By a "candidate compound" is meant a chemical, be it naturally-occurring 

or artificially-derived. Candidate compounds may include, for example, peptides, 
polypeptides, synthetic organic molecules, naturally occurring organic molecules, 
nucleic acid molecules, peptide nucleic acid molecules, and components and 
derivatives thereof. For example, a useful candidate compound according to the 
25 present invention reduces binding of M-RIP to myosin phosphatase, RhoA, or 
both. 

The term "pharmaceutical composition" is meant any composition, which 
contains at least one therapeutically or biologically active agent and is suitable for 
administration to the patient. Any of these formulations can be prepared by well- 
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known and accepted methods of the art. See, for example, Remington: The 
Science and Practice of Pharmacy, 20 th edition, (ed. AR Gennaro), Mack 
Publishing Co., Easton, PA, 2000. 

The present invention provides significant advantages over standard 
5 therapies for treatment and prevention of hypertensive conditions resulting from 
hypertension. Administration of the therapeutic agent that reduces the level or 
activity of M-RIP according to the present invention attenuates myosin 
phosphatase activity, in turn causing blood vessel relaxation and lowering blood 
pressure. In addition, the candidate compound screening methods provided by this 
10 invention allow for the identification of novel therapeutics that modify the injury 
process, rather than merely mitigating the symptoms. 

Brief Description of Drawings 

FIGURE 1 A is a schematic diagram showing the amino acid sequence of 
15 M-RIP. The human M-RIP sequence (SEQ ID NO: 1) is shown aligned with 
murine pi 16RIP3 (SEQ ID NO: 2). 

FIGURE IB is a schematic diagram showing the predicted domains of the 
translated full-length protein product from the M-RIP cDNA. "PH" designates 
pleckstrin homology domain, "PPPP" designates proline-rich domain, and "CC" 
20 designates coiled coil domain. The amino acid numbers corresponding to each 
domain are shown. Also shown are the corresponding regions of M-RIP encoded 
by yeast 2-hybrid clones 6 and 1 1 . 

FIGURE 1C is a schematic diagram showing the nucleic acid sequence of 
M-RIP (SEQ ID NO: 19). 
25 FIGURES 2A and 2B show a series of immunoblots representing the 

expression of M-RIP in COS-7 cells (untransfected control (-) or transfected with 
recombinant M-RIP), in cultured aortic smooth muscle cells (AoSMC), and 
coronary artery smooth muscle cells (CaSMC). 

FIGURE 2C shows a series of immunoblots representing M-RIP solubility. 
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Aortic smooth muscle cells were lysed in buffer containing 250 or 350mM NaCl. 
Equal proportions of the soluble supernatant and insoluble pellet, as well as an M- 
RIP immunoprecipitate from the supernatant fraction, were separated by SDS- 
PAGE, after which M-RIP expression was determined. 

FIGURE 2D shows a series of photographs representing coronary artery 
smooth muscle cells immunostained with anti-MRIP-Cy3 (left panel) and 
phalloidin-FITC (middle panel). An overlay of the M-RIP and phalloidin 
immunostained cells is shown in the right panel. 

FIGURE 3 A shows a series of immunoblots representing co- 
immunoprecipitation experiments to detect the in vivo interaction between M-RIP 
and myosin phosphatase. 

FIGURE 3B shows an immunoblot representing a co-immunoprecipitation 
experiment to detect the in vivo interaction between M-RIP and PP1 in vascular 
smooth muscle cells. 

FIGURE 3C shows an immunoblot representing a co-immunoprecipitation 
experiment to detect the in vivo interaction between M-RIP and cGMP-dependent 
protein kinase (cGK) in vascular smooth muscle cells. 

FIGURE 4A is an immunoblot to detect binding between M-RIP and 
myosin phosphatase. Similar quantities of GST fusions of the three coiled coil- 
domains of M-RIP (CC1, CC2 and CC3) and the amino terminal 
leucine/isoleucine zipper domain of cGMP-dependent protein kinase la were 
incubated with vascular smooth muscle cell lysate and probed for MBS binding. 
Molecular weight size markers in kD are shown on the right, and 5% of input 
lysate is shown on the left. 

FIGURE 4B is a series of immunoblots detecting binding between M-RIP 
and myosin phosphatase. Similar quantities of GST-fusion proteins of the M-RIP 
Rho-binding domain (GST-M-RIP545-823), CC2 domain (GST-M-RIP728-878), 
and Rho-binding domain extended to include the C-terminal CC2 domain (GST- 
M-RIP545-878) were incubated with vascular smooth muscle cell lysate and 
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immunoblotted for MBS. The upper panel shows the anti-MBS immunoblot. 
Also shown is the same M-RIP domains expressed in COS1 cells as Flag-tagged 
proteins and immunoprecipitated with M2 antibody. The MBS immunoblot of the 
immunopellets is shown in the middle panel and the total cellular MBS content 
5 from each lysate used for immunoprecipitation is shown in the lower panel. 
Molecular weight size markers in kD are shown on the right. 

FIGURE 4C is a schematic diagram showing domains of M-RIP tested for 
MBS binding with the corresponding amino acid numbers. The hatched box 
represents the Rho-binding domain. MBS binding to each domain is shown by a 

10 (-) or (+) on the right. 

FIGURE 4D shows an immublot representing the C-terminal 180 amino 
acids of MBS which includes the leucine zipper domain (GST-MBSLZ) or in 
which all four leucines in the leucine zipper were mutated to alanines (GST- 
MBSLZmutant). Following an incubation with COS-7 cell lysate overexpressing 

15 flag-tagged MRIP, M-RIP binding was probed to detect binding with anti-Flag 
(M2). Molecular weight markers are shown on the right, and 5% of input lysate is 
shown on the left. 

FIGURE 4E is an immunoblot showing COS1 cells transfected with GFP, 
GFPMBS, or GFPMBSLZM. Cells were lysed and incubated with GST or GST- 
20 M-RIP545-878. Bound MBS, GFPMBS, and GFPMBSLZM were detected with 
anti-MBS antibodies. The positions of MBS and GFPMBS are shown by the 
arrowheads on the right. 

FIGURE 4F show a series of immunoblots representing a purified protein 
interaction assay in which similar quantities of 6Xhis CC1, CC2, and CC3 bound 
25 to Ni-NTA beads were incubated with purified soluble GST-MBSLZ or GST- 
MBSLZ mutant. Bound GST-MBSLZ and GST-MBSLZ mutant were detected 
using anti-GST antibodies. 

FIGURE 5 A is a series of immunoblots. Purified, recombinant 6Xhis 
RhoA was loaded with GDP/3S or GTP7S, incubated with COS1 lysate containing 



overexpressed Flag M-RIP, and precipitated with Ni-NTA beads. As a negative 
control, lysate incubated with beads but without any added 6XhisRhoA is shown 
on the left. The top panel shows bound M-RIP detected using anti-Flag (M2). 
Differences in M-RIP binding were not significant (P=NS). The bottom panel 
5 shows input 6Xhis RhoA, detected by anti-RhoA antibody. 

FIGURE 5B is an immunoblot representing a purified protein interaction 
study in which 6Xhis RhoA loaded with GDP/5S or GTP7S was incubated with 
GST, GST-RhotekinRBD, GST-M-RIP545-823, and GST-MRIP545-878 bound to 
glutathione-agarose beads. Bound 6Xhis RhoA was detected using anti-RhoA 
10 antibodies. Amounts of input GST-fusion proteins were equivalent as detected by 
Ponceau stain (DNS). 

FIGURE 5C shows a series of immunoblots. COS1 cells transfected with 
Flag-RhoA were lysed in bufferA and incubated with GST, GST-RhotekinRBD, 
GST-M-RIP545-823, and GST-M-RIP545-878 bound to glutathione-agarose 
15 beads. Aliquots of the bound protein were separated on 12.5% and 7.5% protein 
gels and immunoblots for Flag (M2) and MBS were performed, respectively. 5% 
of input lysate is shown on the left. 

FIGURE 6A is a series of immunoblots demonstrating that M-RIP is 
associated with RhoA/Rho-kinase in vivo. Stress fibers isolated by Triton 
20 extraction (left column) or glycerol extraction (right column) of aortic smooth 
muscle cells and immunoblotted with anti-actin, anti-MBS, anti-M-RIP, anti- 
RhoA, and anti-Rho-Kinase. 

FIGURE 6B is a series of immunostains of human coronary artery 
myocytes extracted with glycerol and double labeled with phalloidin (left panels) 
25 and the indicated antibodies (right panels). 

FIGURE 6C is an immunoblot demonstrating kinase activity in nonimmune 
and M-RIP immunopellets from aortic smooth muscle cells incubated without (-) 
and with (+) the Rho-Kinase inhibitor Y27632. Shown is the Autoradiogram of 
the samples separated by SDS-PAGE. 



FIGURE 6D is a graph showing densitometry of the two dominant bands in 
the M-RIP immunopellet without (-) and with (+) Y27632. 

FIGURE 7 is a schematic diagram showing a model of M-RIP interactions 
with RhoA and MBS. Direct binding interactions are shown by arrows. "LZ" 
5 designates leucine zipper, "MBS-BD" designates MBS-binding domain, "Rho- 
BD" designates Rho-binding domain, and "PH" designates pleckstrin homology 
domain. The hatched square depicts the Rho-binding domain. Amino acid 
numbers for the interacting domains are shown in parenthesis. 

Detailed Description 

Normal blood pressure is maintained by chemical and rheologic stimuli, 
which control vascular smooth muscle cell tone in a complex and dynamic 
fashion. Blood vessel tone is regulated by the contractile state of vascular smooth 
muscle cells in the blood vessel wall. Diseases characterized by abnormal 
vascular smooth muscle cell contraction include hypertension, blood vessel spasm, 
and atherosclerosis. Hypertension, an elevation of arterial blood pressure, poses a 
serious health risk in developed countries. If untreated, hypertension often results 
in serious secondary complications, including various forms of cardiovascular, 
cerebrovascular, and renal disorders. Currently, therapeutic modalities to reduce 
elevated blood pressure are somewhat limiting and are sometimes associated with 
debilitating side effects. Thus, better methods for the treatment and prevention of 
hypertension and hypertensive conditions are desirable. The present invention 
fulfills this need by providing such methods. 

25 The Role of Smooth Muscle Cell Contraction and Relaxation in 
Hypertension: Molecular Mechanisms 

Smooth muscle contraction is tightly coupled to myosin light chain 
phosphorylation, which in turn is regulated by the relative activities of myosin 
light chain kinase and myosin phosphatase. Myosin light chain kinase is activated 

15 
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by intracellular calcium and phosphorylates myosin light chains, leading to cell 
contraction. Myosin phosphatase dephosphorylates myosin light chains, leading to 
smooth muscle cell relaxation. 

Myosin phosphatase activity, once thought to be constitutive, is now known 
5 to be highly regulated. While vasoconstrictor signaling pathways result in the 
inhibition of myosin phosphatase and cell contraction, vasodilator signaling 
pathways result in cell relaxation following the activation of myosin phosphatase. 
G-protein coupled receptor agonists inhibit myosin phosphatase by activating 
RhoA/Rho-kinase and NO/cGMP activates myosin phosphatase causing smooth 

10 muscle cell relaxation subsequent to cGMP-dependent protein kinase activation. 

Myosin phosphatase is a heterotrimer containing a PP1 catalytic subunit, a 
130kD myosin binding subunit (MBS), and a 20 kD subunit of unknown function. 
The MBS is a regulatory subunit that targets PP1 to its substrate, myosin light 
chain and that has multiple protein interaction domains, including ankyrin repeats 

15 at its amino terminus and a leucine zipper domain at its carboxy terminus. MBS 
binds PP1 and myosin light chain at its amino terminus and the M20 subunit and 
cGMP-dependent protein kinase la (cGK) at its carboxy-terminus. The MBS- 
cGK interaction is necessary for NO/cGMP-mediated activation of myosin 
phosphatase. In vascular smooth muscle, G-protein coupled receptor agonists 

20 cause contraction in part by inhibition of myosin phosphatase activity. Several 
downstream signaling pathways that inhibit myosin phosphatase activity have 
been discovered recently, including RhoA/Rho-kinase, protein kinase C activation 
of the inhibitory phosphoprotein CPI-17, and arachidonic acid. In addition, 
several kinases co-purify with myosin phosphatase, including ZIP-like kinase, 

25 integrin-linked kinase, myotonic dystrophy related kinase, and Raf-1, each of 
which can phosphorylate MBS and inhibit myosin phosphatase activity. 
RhoA/Rho-kinase has been the most extensively studied myosin phosphatase 
inhibitor. RhoA binds to a myosin phosphatase complex in vitro, and GTP-bound 
RhoA, in combination with its downstream effector Rho-kinase, inhibits myosin 



phosphatase activity. Specific blockade of Rho-kinase can ameliorate 
hypertension in several rat models, as well as to prevent the response to vascular 
injury and blood vessel spasm in animal models. Furthermore, phosphorylation- 
specific antibodies against inhibitory sites on MBS demonstrate that 
5 phosphorylation correlates directly with contractile agonist-mediated myosin 
phosphatase inhibition. Rho kinase inhibitors are also effective in preventing 
coronary artery spasm and treating myocardial ischemia in humans. 

Despite the strong evidence for RhoA/Rho-kinase-mediated inhibition of 
myosin phosphatase, the molecular mechanism for this contractile pathway is not 
10 well understood. Activated Rho A and Rho-kinase translocate to the cell 

membrane and have also been found colocalized with actin myofilaments. The 
mechanism whereby RhoA and Rho-kinase are targeted to and inhibit myosin 
phosphatase and thereby prevent dephosphorylation of myosin light chains in 
contractile myofilaments, remains unclear. 

15 

Identification of M-RIP 

The present invention involves the discovery of myosin phosphatase-Rho 
interacting protein (M-RIP) and the fact that this protein forms a complex with 
* myosin phosphatase and RhoA, thereby leading to a reduction in myosin 
20 phosphatase activity and ultimately resulting in vascular smooth muscle cell 
contraction and hypertension. Accordingly, the invention provides methods for 
screening candidate compounds for those that are useful for the treatment, 
reduction, or prevention of hypertension, hypertensive conditions, or both. Based 
on our studies, the administration of an agent that reduces the activity or level of 
25 M-RIP (e.g., by reducing binding of M-RIP to myosin phosphatase or RhoA) 
results in the treatment, prevention, or reduction of hypertension in a mammal. 

Using a yeast-two hybrid screen, we have identified M-RIP, a 1 1 6 kD 
human protein that is highly homologous to murine pi 16RIP3 and that interacts 
with both myosin phosphatase and RhoA. M-RIP is expressed in vascular smooth 
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muscle and is localized to actin myofilaments. M-RIP binds directly to the myosin 
binding subunit (MBS) of myosin phosphatase in vivo in vascular smooth muscle 
cells by virtue of coiled-coil and leucine zipper domains present within the two 
proteins. In addition, an adjacent domain of M-RIP directly binds RhoA in a 
5 nucleotide-independent manner. Our studies show that M-RIP copurifies with 
RhoA and Rho-kinase, colocalizes on actin stress fibers with RhoA and MBS, and 
is associated with Rho-kinase activity in vascular smooth muscle cells. Our 
results showing that m-RIP assembles in a complex containing both RhoA and 
MBS indicate that M-RIP plays a role in myosin phosphatase regulation by RhoA. 

10 Our results therefore indicate that M-RIP binds myosin phosphatase and RhoA in 
vascular smooth muscle cells, thus forming a complex localized to actin 
myofilaments. In this manner, M-RIP may target RhoA to the myosin phophatase 
complex to inhibit myosin phosphatase. Overall, these data show that M-RIP is a 
key player in smooth muscle contraction by virtue of its interaction with myosin 

15 phosphatase and identify M-RIP as an important regulator of normal vascular tone. 
Thus, M-RIP represents a useful target for the development of therapies for 
abnormalities of blood pressure. The administration of a therapeutic agent that 
reduces the levels or activity of M-RIP decreases smooth muscle cell contraction 
by increasing the activity of myosin phosphatase. In turn, relaxation of blood 

20 vessels is increased such that hypertension or hypertensive conditions are treated, 
prevented, or reduced in a mammal. 

The methods of this invention are particularly useful for the prevention and 
treatment of conditions resulting from hypertension, which often lead to morbidity 
if untreated. Such conditions are typically cardiovascular (e.g., cardiac 

25 hypertrophy, myocardial infarct, angina pectoris, congestive heart failure, vascular 
injury, blood vessel spasm, myocardial ischemia, myocardial infarct, or coronary 
arterial diseases such as atherosclerosis and arteriosclerosis, and aortic dissection) 
cerebrovascular (e.g., cerebral infarction, cerebral hemorrhage, brain damage, or 
loss of vision) or renal (e.g., kidney damage or failure). 
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Screening Assays 

The present invention provides screening methods to identify compounds 
that can inhibit the level or activity of M-RIP. Useful compounds include any 
agent that inhibits the biological activity or reduces the cellular level of M-RIP. 
5 For example, candidate compounds may reduce binding of M-RIP to myosin 
phosphatase, RhoA, or both. Using such agents as lead compounds, for example, 
the present screening methods also allow the identification of further novel, 
specific inhibitors of M-RIP that function to treat, reduce, or prevent hypertension. 
The method of screening may involve high-throughput techniques. 

10 A number of methods are available for carrying out such screening assays. 

According to one approach, candidate compounds are added at varying 
concentrations to the culture medium of cells expressing M-RIP. Gene expression 
of M-RIP is then measured, for example, by standard Northern blot analysis 
(Ausubel et al., supra), using any appropriate fragment prepared from the nucleic 

15 acid molecule of M-RIP as a hybridization probe or by real time PCR with 

appropriate primers. The level of gene expression in the presence of the candidate 
compound is compared to the level measured in a control culture medium lacking 
the candidate molecule. If desired, the effect of candidate compounds may, in the 
alternative, be measured at the level of M-RIP polypeptide or myosin phosphatase 

20 activity using the same general approach and standard immunological techniques, 
such as Western blotting or immunoprecipitation with an antibody specific to M- 
RIP for example. For example, immunoassays may be used to detect or monitor 
the level of M-RIP. Polyclonal or monoclonal antibodies which are capable of 
binding to M-RIP may be used in any standard immunoassay format (e.g., ELISA 

25 or RIA assay) to measure the levels of M-RIP. M-RIP can also be measured using 
mass spectroscopy, high performance liquid chromatography, spectrophotometric 
or fluorometric techniques, or combinations thereof. 

Alternatively, the screening methods of the invention may be used to 
identify candidate compounds that decrease the biological activity of M-RIP by 



reducing binding of M-RIP to myosin phosphatase, RhoA, or both by at least 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100% relative to an 
untreated control. For example, a candidate compound may be tested for its 
ability to decrease M-RIP activity in cells that naturally express M-RIP, after 
5 transfection with cDNA for M-RIP, or in cell-free solutions containing M-RIP, as 
described further below. The effect of a candidate compound on the binding or 
activation of M-RIP can be tested by radioactive and non-radiaoctive binding 
assays, competition assays, and receptor signaling assays. 

As a specific example, mammalian cells (e.g., rodent cells) that express a 

10 nucleic acid encoding M-RIP are cultured in the presence of a candidate 

compound (e.g., a peptide, polypeptide, synthetic organic molecule, naturally 
occurring organic molecule, nucleic acid molecule, or component thereof). Cells 
may either endogenously express M-RIP or may alternatively be genetically 
engineered by any standard technique known in the art (e.g., transfection and viral 

15 infection) to overexpress M-RIP. The expression level of M-RIP is measured in 
these cells by means of Western blot analysis and subsequently compared to the 
level of expression of the same protein in control cells that have not been 
contacted by the candidate compound. A compound which promotes a decrease in 
the level of M-RIP activity as a result of reducing its synthesis or biological 

20 activity is considered useful in the invention. 

In one particular example, a compound that interferes with M-RIP binding 
to myosin phosphatase, RhoA, or both (thereby reducing the biological activity of 
M-RIP), leading to a reduction in vascular contraction, is useful according to the 
present invention. Given its ability to decrease the biological activity of M-RIP, 

25 such a molecule may be used, for example, as a therapeutic agent to treat, reduce, 
or prevent hypertension or a hypertensive condition. As a specific example, a 
candidate compound may be contacted with two proteins, the first protein being a 
polypeptide substantially identical to M-RIP (e.g., SEQ ID NO: 1) and the second 
protein being myosin phosphatase or RhoA (i.e., a protein that binds the M-RIP 
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under conditions that allow binding and that results in vascular smooth muscle cell 
contraction). According to this particular screening method, the interaction 
between these two proteins is measured following the addition of a candidate 
compound. A decrease in the binding M-RIP to the second polypeptide following 
5 the addition of the candidate compound (relative to such binding in the absence of 
the compound) identifies the candidate compound as having the ability to inhibit 
the interaction between the two proteins, and thereby having the ability to reduce 
vascular smooth muscle cell contraction. Alternatively, the binding of M-RIP to 
myosin phoshphatase, RhoA, or both may be tested by assaying for the activity of 

10 myosin phophatase. Myosin phosphatase activity may be determined by any 

method known in the art, including for example, partial purification of phoshatase 
from cell extracts (Verin et al, Am. J.Physiol 269; Lung (1995) Cell Mol. Physiol. 
13: L99-L108; Essleref a/, (1998) J. Biol Chem. 273: 21867-21874) or by 
immunoprecipitaton of phosphatase from cell extracts (Totsukawa et al, (1999) J. 

15 Cell Biol 144: 735-744). With either method, phosphatase is then mixed with 
radio-labeled phosphatase substrate, myosin light chain, and the liberated labeled 
phosphate is measured and is proportional to phosphatase activity. Ultimately, the 
screening assay of the invention may be carried out, for example, in a cell-free 
system or using a yeast two-hybrid system. If desired, one of the proteins or the 

20 candidate compound may be immobilized on a support as described above or may 
have a detectable group. 

Alternatively, or in addition, candidate compounds may be screened for 
those which specifically bind to and thereby inhibit M-RIP. The efficacy of such a 
candidate compound is dependent upon its ability to interact with M-RIP. Such an 

25 interaction can be readily assayed using any number of standard binding 

techniques and functional assays (e.g., those described in Ausubel et al., supra). 
For example, a candidate compound may be tested in vitro for interaction and 
binding with M-RIP and its ability to modulate smooth muscle cell contractility 
may be assayed by any standard assays (e.g., those described herein). 



In one particular example, a candidate compound that binds to M-RIP may 
be identified using a chromatography-based technique. For example, a 
recombinant M-RIP may be purified by standard techniques from cells engineered 
to express M-RIP (e.g., those described above) and may be immobilized on a 
5 column. Alternatively, the naturally-occurring M-RIP may be immobilized on a 
column. A solution of candidate compounds is then passed through the column, 
and a compound specific for M-RIP is identified on the basis of its ability to bind 
to M-RIP and be immobilized on the column. , To isolate the compound, the 
column is washed to remove non-specifically bound molecules, and the compound 

10 of interest is then released from the column and collected. Compounds isolated by 
this method (or any other appropriate method) may, if desired, be further purified 
(e.g., by high performance liquid chromatography). 

Screening for new inhibitors and optimization of lead compounds may be 
assessed, for example, by assessing myosin phosphatase activity using standard 

15 techniques. In addition, these candidate compounds may be tested for their ability 
to function as anti-hypertensive agents (e.g., as described herein). Compounds 
isolated by this approach may also be used, for example, as therapeutics to treat, 
reduce, or prevent hypertension. Compounds which are identified as binding to 
M-RIP with an affinity constant less than or equal to 10 mM are considered 

20 particularly useful in the invention. 

Ultimately, the anti-hypertensive efficacy of any of the candidate 
compounds identified by the present screening methods may be tested using any of 
the smooth muscle vascular contraction models described herein. 

Potential therapeutic agents include organic molecules, peptides, peptide 

25 mimetics, polypeptides, and antibodies that bind to a nucleic acid sequence or 
polypeptide that encodes M-RIP and thereby inhibit or extinguish their activity. 
Potential anti-hypertensive agents also include small molecules that bind to and 
occupy the binding site of such polypeptides thereby preventing binding to cellular 
binding molecules, such that normal biological activity is prevented. Other 
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potential anti-hypertensive agents include antisense molecules. 
Test compounds and extracts 

In general, compounds capable of reducing hypertension are identified from 
5 large libraries of both natural products or synthetic (or semi-synthetic) extracts or 
chemical libraries according to methods known in the art. Those skilled in the 
field of drug discovery and development will understand that the precise source of 
test extracts or compounds is not critical to the screening procedure(s) of the 
invention. Accordingly, virtually any number of chemical extracts or compounds 

10 can be screened using the methods described herein. Examples of such extracts or 
compounds include, but are not limited to, plant-, fungal-, prokaryotic- or animal- 
based extracts, fermentation broths, and synthetic compounds, as well as 
modification of existing compounds. Numerous methods are also available for 
generating random or directed synthesis (e.g., semi-synthesis or total synthesis) of 

15 any number of chemical compounds, including, but not limited to, saccharide-, 
lipid-, peptide-, and nucleic acid-based compounds. Synthetic compound libraries 
are commercially available from Brandon Associates (Merrimack, NH) and 
Aldrich Chemical (Milwaukee, WI). Alternatively, libraries of natural compounds 
in the form of bacterial, fungal, plant, and animal extracts are commercially 

20 available from a number of sources, including Biotics (Sussex, UK), Xenova 
(Slough, UK), Harbor Branch Oceangraphics Institute (Ft. Pierce, FL), and 
PharmaMar, U.S.A. (Cambridge, MA). In addition, natural and synthetically 
produced libraries are produced, if desired, according to methods known in the art, 
e.g., by standard extraction and fractionation methods. Furthermore, if desired, 

25 any library or compound is readily modified using standard chemical, physical, or 
biochemical methods. 

In addition, those skilled in the art of drug discovery and development 
readily understand that methods for dereplication (e.g., taxonomic dereplication, 
biological dereplication, and chemical dereplication, or any combination thereof) 
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or the elimination of replicates or repeats of materials already known for their anti- 
hypertensive activity should be employed whenever possible. 

When a crude extract is found to have an anti-hypertensive activity, or a 
binding activity, further fractionation of the positive lead extract is necessary to 
isolate chemical constituents responsible for the observed effect. Thus, the goal of 
the extraction, fractionation, and purification process is the careful 
characterization and identification of a chemical entity within the crude extract 
having anti-hypertensive activity. Methods of fractionation and purification of 
such heterogenous extracts are known in the art. If desired, compounds shown to 
be useful agents for the treatment of pain are chemically modified according to 
methods known in the art. 

Murine Vascular Rings Studies 

Murine Vascular Ring Studies may be used to measure smooth muscle cell 
15 contraction and may employ mouse thoracic aortas prepared, equilibrated, and 
used in isometric tension studies as previously described by Zhu et al. (Science 
(2002) 5554:505-8). 

Blood pressure measurements 

20 To assess the anti-hypertensive properties of a candidate compound, the 

candidate compound may be tested for its ability to reduce hypertension in vivo, 
for example in mice as follows. Prior to surgical procedures, mice (27-33g) are 
anesthetized with ketamine/xylazine (87 mg/kg/13 mg/kg ip) and monitored for 
depth of anesthesia/analgesia on a pre- warmed operating surface. The right 

25 common carotid artery is catheterized with a Millar (Houston, TX) 1 .4 French 
blood pressure probe with transducer linked to a PowerLab/4SP (ADInstruments, 
New Castle, NSW, Australia) interface. Mean arterial pressures and heart rates 
are continuously monitored using the Chart 4.1 Software package 
(ADInstruments). In the absence of ganglionic blockade or surgical vagotomy 
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mice typically undergo periods of severe bradycardia (180-220 bpm) shortly after 
administration of ketamine/xylazine anesthesia. Data for mean pressures is, 
therefore, typically recorded at later experimental time points (>20 minutes 
postanesthesia) when the heart rates stabilize above 300 bpm. Blood pressure 
5 measurements in conscious, freely ambulatory mice were made using implantable, 
miniaturised mouse blood pressure transmitters (Data Sciences International, St 
Paul, MN) to directly measure mean arterial pressure from within conscious 
individual animals, as described previously by Zhu et al. {Science (2002) 
5554:505-8). Typically, transducer sampling frequency is hourly at 500 hfr/sec 
10 for five seconds (2500 points per hour). 

Pharmaceutical Compositions 

According to the present invention, the administration to a mammal of an 
agent that reduces the level or activity of M-RIP leads to the activation of myosin 

15 phosphatase in smooth muscle cells. The consequent decreased contractile and 
increased relaxation responses in blood vessels ultimately lower the systemic 
blood pressure of the mammal suffering from hypertension. By decreasing the 
elevated blood pressure, the administration of the agent of the invention is 
particularly useful to treat, prevent, or reduce hypertensive conditions. 

20 An inhibitor of M-RIP is any agent having the ability to reduce the level or 

the activity of M-RIP by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or 100% relative to an untreated control cell, as determined by any standard 
method in the art, including those described herein. Optionally, this agent may 
inhibit or reduce binding of M-RIP to myosin phosphatase, RhoA, or both. 

25 Desirably, the agent of the invention treats, prevents, or reduces hypertension or a 
hypertensive condition when administered to a mammal by at least 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% relative to an untreated control. 
Such reduction or prevention in hypertension may be measured by any technique 
known in the art such as those described herein. 

25 



Optionally, the M-RIP inhibitor may be a small molecule antagonist that 
inhibits the activity of M-RIP or an antisense to M-RIP. RNA interference 
(RNAi) may also be used to target M-RIP as it provides a powerful method of 
gene silencing in eukaryotic cells including mammalian cells such as the vascular 
5 smooth muscle cells of the present invention. The basic technique of RNAi 
involves introducing sequence-specific double-stranded RNA into neurons in 
order to generate a nonheritable, epigenetic knockout of gene function that 
phenocopies a null mutation in the targeted gene. RNA interference has previously 
been described (O'Neil NJ, et aL, Am J Pharmacogenomics (2001): 45-53). 

10 Alternatively, the agent that reduces the level or activity of M-RIP may be a 

dominant negative protein or a nucleic acid encoding a dominant negative protein 
that interferes with the biological activity of M-RIP (i.e. binding of M-RIP to 
myosin phosphatase, RhoA, or both). A dominant negative protein is any amino 
acid molecule having a sequence that has at least 50%, 70%, 80%, 90%, 95%, or 

15 even 99% sequence identity to at least 10, 20, 35, 50, 100, or more than 150 amino 
acids of the wild type protein to which the dominant negative protein corresponds. 
For example, a dominant-negative M-RIP may have mutation such that it no 
longer able to binds myosin phosphatase. 

According to this invention, the dominant negative protein may be 

20 administered as an expression vector. The expression vector may be a non- viral 
vector or a viral vector (e.g., retrovirus, recombinant adeno-associated virus, or a 
recombinant adenoviral vector). Alternatively, the dominant negative protein may 
be directly administered as a recombinant protein to vascular smooth muscle cells 
using, for example, microinjection techniques. 

25 The preferred biologically active dose of the therapeutic agent that reduces 

the level or activity of M-RIP within the practice of the present invention is a 
dosing that will induce the maximum increase in myosin phosphatase activity and 
increase in smooth muscle relaxation. Desirably, the therapeutic agent has the 
ability to reduce the level or activity of M-RIP in smooth muscle cells by at least 



5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more than 100% below 
untreated control levels. The levels or activity of M-RIP in vascular smooth 
muscle cells may be measured by any method known in the art, including, for 
example, Western blot analysis, immunohistochemistry, ELISA, and Northern 
5 Blot analysis. Alternatively, the biological activity of M-RIP can be measured by 
assessing binding of M-RIP to myosin phosphatase, RhoA, or both. Alternatively, 
the biological activity of M-RIP may be determined according to its relaxant and 
contractile effects on vascular rings as described previously by Zhu et al. {Science 
(2002) 5554:505-8). Preferably, the agent that reduces the level or activity of M- 

10 RIP can increase vascular relaxation by at least 5%, 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90%, or more than 100% above untreated control levels. The 
agent of the present invention is therefore any agent having any one or more of 
these activities. Although the agent of the invention is preferably expressed in 
vascular smooth muscle cells, it is understood that any cell that can influence 

15 vascular constriction or relaxation is also amenable to the methods of the invention 
and include, for example, vascular endothelial cells. Treatment according to the 
invention is suitable preferably for a human, but may also be administered to other 
animal species, including for example a monkey, pig, cow, sheep, goat, pig, 
mouse, rat, dog, or cat. 

20 

Second Therapeutic Agents 

According to the present invention, the agent that reduces the level or 
activity of M-RIP is delivered in the mammal in a pharmaceutically acceptable 
carrier, alone or in combination with one or more anti-hypertensive agents. When 
25 the second therapeutic agent is present in a different pharmaceutical composition, 
different routes of administration may be used. For example, the second 
therapeutic agent may be administered orally, or by intravenous, intramuscular, or 
subcutaneous injection. If desired, more than one therapeutic agent may be 
administered with the agent of the invention and concentrations known to be 
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effective for such therapeutic agents for lowering systemic blood pressure can be 
used. Desirably, the agent that reduces the level or activity of M-RIP and the anti- 
hypertensive agent are administered in a single pharmaceutical composition 
consisting of an effective amount in a pharmaceutically acceptable carrier. 
Alternatively, the agent of the invention and the second anti-hypertensive agent 
are administered in separate formulations within at least 1, 2, 4, 6, 10, 12, 18, or 
more than 24 hours apart. These reagents can be combined and used with 
additional active or inert ingredients, e.g., in conventional pharmaceutically 
acceptable carriers. A pharmaceutical carrier can be any compatible, non-toxic 
substance suitable for the administration of the compositions of the present 
invention to a mammal. Pharmaceutically acceptable carriers include, for 
example, water, saline, buffers and other compounds described for example in the 
Merck Index, Merck & Co., Rahway, New Jersey. Slow release formulation or a 
slow release apparatus may be also be used for continuous administration. 

Second therapeutic agents may include for example a diuretic, beta blocker, 
sympathetic nerve inhibitor, vasodilator, alpha-blocker, angiotensin converting 
enzyme (ACE) inhibitor, angiotensin II receptor blocker, calcium channel blocker, 
or vitamin. Examples of diuretics include for example chlorthalidone, furosemide, 
hydrochlorothiazide, indapamide, metotazone, amiloride, spironolactone, or 
triamterene and a beta blocker can include acebutolol, amlodipine, amiodarone, 
atenolol, betaxolol, bisoprolol fumarate, carterolol hydrochloride, metoprolol, 
mexiletine, moricizine, nadolol, penbutolol, pindolol, procainamide, propranodlol, 
or timolol. Exemplary sympathetic nerve inhibitors are guanabenz, guanfacine, 
guanadrel, midodrine, or primidone and a vasodilator may be cyclandelate, 
hydralazine, or isoxsuprine, minoxidil, nicotynyl, nylidrin, or papaverine. Alpha- 
blockers, according to the invention, may be doxazosin, prazosin, or terazosin, 
while angiotensin converting enzyme (ACE) inhibitors may be benazepril, 
captopril, cilazapril, enalapril, enalaprilat, fosinopril, lisinopril, moexipril, 
perindopril, quinapril, ramipril, or trandolapril. Typically, angiotensin II receptor 
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blocker are candesartan, eprosartan, irbesarten, losartin, telmisartan, or valsartan, 
calcium channel blocker are preferably amlodipine, bepridil, diltiazem, felodipine, 
flunarizine, isradipine, mibefradil, nicardipine, nifedipine, nimodipine, 
nisoldipine, or verapamil, and vasodilators may be cyclandelate, hydralazine, 
5 isoxsuprine, minoxidil, nicotynyl, nylidrin, or papaverine. According to this 
invention, the M-RIP inhibitor may also be administered with a vitamin such as 
vitamin A, vitamin B u B 2 , B 6 , B 12 , Vitamin C, Vitamin D, or Vitamin E or 
alternatively, any other active ingredient having blood pressure lowering action 
(e.g., high unsaturated fatty acids of omega-3 type, cathechin which is a tea 

10 polyphenol or polymer thereof, or rutin). Normally, hydralazine, minodixil, 
diazoxide, or nitropusside are required only in severe cases of hypertension. 

Concentrations of the agent that reduces the level or activity of M-RIP and 
the second therapeutic agent necessary to reduce blood pressure will depend upon 
different factors, including means of administration, target site, physiological state 

15 . of the mammal, and other medication administered. Thus treatment dosages may 
be titrated to optimize safety and efficacy and is within the skill of an artisan. 
Determination of the proper dosage and administration regime for a particular 
situation is within the skill of the art. 

In addition to second therapeutic agents, the administration of agent that 

20 reduces the levels or activity of M-RIP may also include a modification to the 
lifestyle of the patient being treated. Such changes may be helpful to control 
hypertension and include low-fat diet, low sodium diet, stress management, 
physical exercise, reduction in alcohol intake, or reduction in smoking. 

25 Formulation and Routes of Administration 

According to the present invention, the agent that reduces the level or 
activity of M-RIP may be administered to the mammal by any standard method 
known in the art. For example, the agent may be administered by means of 
expression vectors, which encode a dominant negative M-RIP. Such expression 
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vectors may express a nucleic acid sequence substantially identical to the 
nucleotide sequence of the naturally occurring M-RIP but having reduced activity 
relative to the naturally occurring M-RIP. Thus, the expression vector may be 
introduced into suitable host cells capable of producing such a dominant negative 
5 molecule. 

An expression vector of this invention may be in any of several forms, 
including, but not limited to, RNA, DNA, DNA encapsulated in an adenovirus 
coat, DNA packaged in another viral or viral-like form (such as herpes simplex, 
and AAV), DNA encapsulated in liposomes, DNA complexed with polylysine, 

10 complexed with synthetic polycationic molecules, conjugated with transferrin, 
complexed with compounds such as PEG to immunologically "mask" the 
molecule and/or increase half-life, or conjugated to a non- viral protein. . 
Preferably, the polynucleotide is DNA and includes not only bases A, T, C, and G, 
but also includes any of their analogs or modified forms of these bases, such as 

15 methylated nucleotides, internucleotide modifications such as uncharged linkages 
and thioates, use of sugar analogs, and modified and/or alternative backbone 
structures, such as polyamides. Typically, plasmids are administered to a mammal 
in an amount of about 1 nanogram to about 5000 micrograms of DNA. Desirably, 
compositions contain about 5 nanograms to 1000 micrograms of DNA, 10 

20 nanograms to 800 micrograms of DNA, 0.1 micrograms to 500 micrograms of 
DNA, 1 microgram to 350 micrograms of DNA, 25 micrograms to 250 
micrograms of DNA, or 100 micrograms to 200 micrograms of DNA. 
Alternatively, administration of recombinant adenoviral vectors encoding the M- 
RIP inhibitor into a mammal may be administered at a concentration of at least 

25 10 5 , 10 6 , 10 7 , 10 s , 10 9 , 10 10 , or 10 11 plaque forming unit (pfu). 

Alternatively, the agent of the invention may be administered to the 
mammal as a recombinant polypeptide. The agent may be directly administered to 
the vascular smooth muscle cells of a mammal by any standard technique, using 
for example microinjection techniques. Alternatively, the agent may be 



administered systematically by any standard route. It is understood that a 
biological effect may require multiple administration of the agent. 

The pharmaceutical compositions according to the present invention are 
formulated according to the mode of administration to be used. In cases where 
pharmaceutical compositions are injectable pharmaceutical compositions, they are 
sterile, pyrogen-free and particulate free. An isotonic formulation is preferably 
used. Generally, additives for isotonicity can include for example sodium 
chloride, dextrose, mannitol, sorbitol and lactose. Stabilizers may also be used 
and include, for example, gelatin and albumin. 

Overall, the pharmaceutical composition including the agent that reduces 
the activity or level or M-RIP can be provided, systemically or locally, by 
injection (e.g., intrasmuscular, intranasal, intraperitoneal, intradermal, 
subcutaneous, intravenous, intraarterial, or intraoccular), as well as by oral, topical 
(e.g., ointment, or patch), or transdermal administration. Alternatively, these 
compositions may be provided by inhalation, or by suppository. Compositions 
according to the invention may also be provided to mucosal tissue, by lavage to 
vaginal, rectal, urethral, buccal, and sublingual tissue for example. 

Patients Amenable to Treatment 

According to this invention, the administration of an agent that reduces the 
level or activity of M-RIP is useful to reduce or prevent hypertension in a 
mammal, preferably a human patient. Diagnosis of hypertension is based on 
measurements of systemic blood pressure, which is typically reported as a ratio of 
systolic pressure (arterial pressure during contraction of the heart muscle) to 
diastolic pressure (residual arterial pressure during relaxation of the heart muscle), 
reported in units of mmHg. Measurements of blood pressure may be performed 
by the patient, by a health administrator (e.g., a nurse or a doctor), or any other 
individual. Typically, blood pressure measurements are repeated over time and 
considered as an average. Blood pressure measurements can be taken once, twice, 
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three times, or more than three times a day, for a period of at least one day, two 
days, three days, one week, or more than one week and subsequently considered as 
an average. 

In general, patients amenable to treatment have an elevated blood pressure, 
5 suffer from a hypertensive vascular disease, or have an underlying disease or 
condition predisposing to hypertension. Therefore, patients who have a blood 
pressure above optimal levels (having a SBP/DBP greater than >120/>80 mmHg) 
but do not have a hypertensive condition may be administered the M-RIP inhibitor 
of the invention. If untreated, such a patient may develop various hypertensive 

10 conditions, and therefore, reducing the systemic blood pressure in such patients 
can prevent hypertensive conditions. Typically, blood pressure consistently 
elevated over 140 systolic (which indicates the pressure generated when the heart 
beats) or 90 diastolic (which indicates the pressure when the hearts is at rest) is 
considered to be high. Although such patients do not necessarily have to have any 

15 diseases associated with hypertension, they may display symptoms of 
hypertension. Typically, symptoms associated with hypertension include 
headaches particularly those affecting the occipital region, dizziness, palpitations, 
easy fatigability, and impotence. Preferably, the diastolic or the systolic blood 
pressure, or both are decreased by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 

20 80%, or more than 90% from the initial blood pressure measurements before 
treatment. 

In more severe cases, patients who have hypertension and who have also 
been diagnosed with hypertensive conditions may also be administered with the 
agent of the present invention. 
25 According to this invention, the administration of an agent that reduces the 

level or activity of M-RIP can treat such conditions, or at least reduce the 
symptoms, the vascular damage or both caused by hypertension. Hypertensive 
conditions are typically cardiovascular (e.g., cardiac hypertrophy, myocardial 
infarct, angina pectoris, congestive heart failure, vascular injury, blood vessel 



spasm, myocardial ischemia, coronary arterial disease such as atherosclerosis and 
arteriosclerosis, and aortic dissection) cerebrovascular (cerebral infarction, 
cerebral hemorrhage, brain damage, loss of vision) or renal (kidney damage or 
failure). Symptoms associated with hypertensive vascular diseases include, for 
5 example, epistaxis, hematuria, blurring of vision owing to retinal changes, 
episodes of weakness or dizziness due to transient cerebral ischemia, angina 
pectoris and dyspnea due to cardiac failure. According to this invention, 
treatment can also include prolonging survival as compared to expected survival in 
the absence of treatment. Overall, treatment of hypertension or hypertensive 

10 conditions refers to both therapeutic treatment and prophylactic or preventative 
measures. Thus, administration of the agent of the invention may be required to 
prevent the development of high blood pressure in patients at risk and/or to reduce 
elevated blood pressure, preferably to normal levels. For maintenance of 
acceptable levels of blood pressure, repeated treatments may be necessary for an 

15 extended period of time. 

Preferably, upon treatment the diastolic and systolic blood pressure is 
decreased by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or more than 90% 
from the initial blood pressure measurements. Alternatively, a hypertensive 
condition has been treated or prevented if symptoms or damage inflicted by 

20 hypertension are reduced by at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, more than 90%, or even 100% as measured by any standard technique. For 
example, diagnosis and monitoring of hypertensive conditions may be based on 
urine tests; microscopic urinalysis; hematocrits; measurements of blood levels of 
serum potassium, serum creatinine, and/or blood urea nitrogen, fasting glucose, 

25 thyroid stimulating hormone, lipid content (HDL, LDL, cholesterol and TG), 
serum calcium, and serum phosphate, or total cholesterol; electrocardiogram, 
echocardiogram, white blood cell count, or chest X-ray. A patient in whom the 
development of a hypertensive condition is being prevented is one who has not 
received such a diagnosis according to such techniques. One in the art will 



understand that these patients may have been subjected to the same tests 
(electrocardiogram, chest X-ray, etc.) or may have been identified, without 
examination, as one at high risk due to the presence of one or more risk factors 
(e.g., family history, hypertension, diabetes mellitus, high cholesterol levels, 
5 , having a pathological condition predisposing to secondary hypertension). 
Reduction of hypertensive symptoms or damage may also include, but are not 
limited to, alleviation of symptoms, diminishment of extent of disease, stabilized 
(i.e., not worsening) state of disease, delay or slowing of disease progression, and 
amelioration or palliation of the disease state. Treatment may occur at home with 
10 close supervision by the health care provider, or may occur in a health care 
facility. 

As indicated above, the methods of this invention may also be used 
prophylactically, in patients who are an increased risk of developing a morbid 
condition associated with hypertension. Risk factors include for example, family 

15 history of hypertension or hypertensive conditions, quality of nutrition, level of 
physical activity, presence of molecular markers of hypertension, age, race, or sex. 
Patients affected with other non-related disorders may also be predisposed to 
secondary hypertension. Such disorders include for example adrenal gland 
tumors, Cushing's syndrome, kidney disorders (e.g., glomreulonephritis, renal 

20 vascular obstruction or narrowing, or renal failure), use of medications, drugs or 
other chemicals ( wsuch as oral contraceptives) hemolytic-uremic syndrome, 
Henoch-Schonlein purpura, periarteritis nodsoa, radiation enteritis, 
retroperintoneal fibrosis, or Wilms' tumor. In such cases, patients may be treated 
according to this invention before developing hypertension or a hypertensive 

25 condition, or as soon as the risk is identified. Depending on the disorder which 
may cause secondary hypertension, a number of tests may be used to screen for 
secondary hypertension. Exemplary diagnostic tests may include measuring 
angiotensin-converting enzyme inhibitor radionuclide (to detect renovascular 
disease); 24 hour urine assay to measure levels of creatinine, metanephrines, and 
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catecholamines (to detect phenochromocytoma); overnight dexamethasone 
suppression test or 24 hour urine measuring Cortisol and creatinine levels (to detect 
Cushing Syndrome) or the plasma aldosterone:renin activity ratio (to detect 
primary aldosteronism). Renal status may also be evaluated by assessing the 
5 presence of protein, blood, and glucose in the urine and measuring serum 
creatinine and/or blood urea nitrogen. 



This invention is based in part on the experiments described in the 
following examples. These examples are provided to illustrate the invention and 
10 should not be construed as limiting. 



Example 1: Identification and cloning of M-RIP 

To identify proteins involved in regulation of myosin phosphatase, base pairs 
2043-3090 of human MBS (MBS-Cterm) were used as bait in a yeast 2-hybrid 

15 screen of a human aorta library. Two clones, 6 and 11, encoded the 3' regions of a 
cDNA with high homology to a murine RhoA-interacting protein, pi 16RIP3 
(Gebbink et al, (1997) J.Cell Biol 137:1603-1613). When retransformed into 
yeast, both clones interacted with MBS-Cterm but not with the Gal4 DNA binding 
domain alone. Clone 6 was homologous to base pairs 1617-3072 and clone 1 1 

20 was homologous to base pairs 2 109-3072 of murine pi 1 6RIP3 . 

A human aorta library was next probed for 5' sequence of human 
pi 16RIP3. PCR using the human aorta library as a template yielded a 1,686 bp 
product that was highly homologous to the 5' sequence of murine pi 16RIP3. The 
full length human clone was constructed by overlap extension PCR using the yeast 

25 2-hybrid clone 6 and the 5' 1,686 bp sequence (FIGURE 1A). The full-length 
human sequence is 85% identical at the nucleotide level and 90% identical at the 
amino acid level to murine and rat pi 16RIP3. The RhoA binding domain of this 
human clone is 88% identical at the amino acid level to the similar domain on 
murine p 1 1 6RIP3 . This human cDNA is hereafter called Myosin Phosphatase- 
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Rho interacting Protein (M-RIP). 

Analysis of the M-RIP cDNA predicts a protein of 1 ,024 amino acids with 
multiple protein interaction domains, including a pair of pleckstrin homology 
domains flanking two polyproline motifs, and three carboxy-terminal coiled-coil 
5 domains (FIGURE IB). Sites for myristylation as well as for phosphorylation by 
protein kinase C, cyclic nucleotide-dependent protein kinases and tyrosine kinases 
are also present in the M-RIP protein. 

Example 2: Detection and Localization of M-RIP in Vascular Smooth Muscle 
10 Cells 

Specific MRIP antisera were raised and tested first by immunoblotting of 
lysates from COS7 cells transfected with full-length M-RIP cDNA. Anti-M-RIP 
recognized a specific band of 125 kD in untransfected COS7 cells that was 
augmented by overexpression of full-length MRIP (FIGURE 2 A). A parallel 

15 immunoblot of the same lysates in which anti-M-RIP was pre-absorbed with 
immunogen failed to identify any M-RIP band. Anti-M-RIP was next used to 
probe lysates from two different human arterial smooth muscle cell lines. Anti-M- 
RIP identified a specific 125 kD band in these lysates, supporting that M-RIP is 
expressed in human vascular smooth muscle cells (FIGURE 2B). Although M- 

20 RIP from vascular smooth muscle cells was completely insoluble at 250 mM 
NaCl, it was solubilized and immunoprecipitated under high ionic strength 
conditions (FIGURE 2C). 

Cultured human coronary artery smooth muscle cells were immunostained 
with anti-M-RIP (FIGURE 2D, left panel) and with phalloidin (FIGURE 2D, 

25 middle panel) to label actin fibers. M-RIP localized primarily in a filamentous 
pattern in the cytoplasm, similar to the distribution of actin filaments. Overlay of 
the two images revealed that M-RIP co-localized with actin myofilaments 
(FIGURE 2D, right panel). In control experiments, M-RIP antibody pre-incubated 
with M-RIP immunogen failed to label VSMCs. Despite the presence of a 
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putative nuclear localization signal between residues 151 and 156, M-RIP was not 
detected in the nucleus of vascular smooth muscle cells. 

Example 3: In vivo interaction between M-RIP and myosin phosphatase 

5 To explore whether the interaction between M-RIP and MBS detected in 

yeast occurs in intact vascular smooth muscle cells, immunoprecipitation 
experiments were performed with human aortic smooth muscle cell lysates. 
Immunoprecipitation of either M-RIP or MBS led to recovery of both proteins 
(FIGURE 3 A), supporting an in vivo interaction between M-RIP and MBS in 

10 vascular smooth muscle cells. Furthermore, M-RIP immunoprecipitation also led 
to recovery of PP1 and cGMP-dependent protein kinase (FIGURE 3B,C), 
supporting the hypothesis that M-RIP is associated with the myosin phosphatase 
complex in vivo. In GST-pulldown interaction studies, binding between M-RIP 
and either PP1 or cGMP-dependent protein kinase could not be detected, 

15 indicating that M-RIP interacts with these proteins indirectly via their known 
interactions with MBS. 

Example 4: Characterization of binding between M-RIP and Myosin 
Phosphatase 

20 The M-RIP and MBS interaction was explored further using GST- and His- 

fusion protein interaction studies. GST-fusions of various M-RIP domains were 
incubated with vascular smooth muscle cell lysates and recovered MBS was 
detected by immunoblotting. The individual coiled-coil domains of M-RIP were 
tested for binding to MBS (FIGURE 1C). The second coiled-coil domain (CC2) 

25 of M-RIP bound MBS strongly, whereas the CC1 and CC3 domains had little or 
no interaction with MBS (FIGURE 4A). The CC2 domain includes the carboxy- 
terminal end of the putative Rho-binding domain for murine pi 16RIP3 (Gebbink 
et al, supra). 

To determine whether MBS binds within the M-RIP RhoA-binding domain, 
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GST-fusion proteins were constructed for the M-RIP RhoA-binding domain 
(GST-M-RIP545-823, which excludes the carboxy-terminus of CC2), and for the 
M-RIP RhoA-binding domain plus the remaining carboxy-terminus of CC2 (GST- 
M-RIP545-878), and tested for binding of MBS from vascular smooth muscle cell 
5 lysates (FIGURE 4B). GST-M-RIP545-823, failed to bind MBS from the lysate, 
whereas both GST-M-RIP728-878 (CC2) and GST-M-RIP545-878 bound MBS. 
Identical results were obtained in heterologous expression studies with epitope- 
tagged constructs for various M-RIP domains expressed in COS1 cells (FIGURE 
4B). These data indicate that MBS binds a domain of M-RIP distinct from and 3' 

10 to the Rho-binding domain (FIGURE 4C). 

The carboxy-terminus of MBS contains a leucine zipper domain that 
mediates binding to other coiled-coil domains, including the leucine/isoleucine 
zipper domain of cGMPdependent protein kinase la (Surks et ah, (1999) Science 
286:1583-1587; Khatri et ah, (2001) J.Biol.Chem. 276:37250-37257; Surks etal, 

15 (2003) Cell. Signal. 15:937-944). To determine if this domain of MBS mediates 
binding to the CC2 of M-RIP, wild type C terminal MBS (MBSLZ) and mutant 
Cterminal MBS in which all leucines in the leucine zipper domain were mutated to 
alanine (MBSLZmutant), were expressed as GST-fusion proteins and tested for 
binding to fulllength M-RIP. Wild type GST-MBSLZ interacted with M-RIP 

20 whereas GSTMBSLZmutant bound no appreciable M-RIP from the same lysates 
(FIGURE 4D). Full-length GFP-MBS or full-length GFP-MBSLZ mutant also was 
studied in COS1 cells known to express endogenous MBS. GST-M-RIP545-878 
bound both endogenous MBS and GFP-MBS, but failed to bind GFP-MBSLZ 
mutant (FIGURE 4E), supporting further that the M-RIP-MBS interaction is 

25 mediated by the CC2 of M-RIP and the leucine zipper domain of MBS. 

Direct binding between M-RIP and MBS was also tested (FIGURE 4F). 
GST-MBSLZ bound HisCC2, but not HisCCl or HisCC3, demonstrating that the 
CC2 of M-RIP binds directly to MBS, while GST-MBSLZ mutant did not interact 
with any of the coiled coil domains, confirming that the MBS leucine zipper 
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domain mediates the interaction. 

Example 5: M-RIP-RhoA interactions 

Recombinant HisRhoA was used to test whether M-RIP binds RhoA. Both 
5 GDP/3S- and GTP-yS-RhoA bound M-RIP expressed in COS1 cells (FIGURE 5 A). 
In direct binding assays, RhoA, loaded in vitro with GDP/3S or GTP7S, was 
incubated with GST- Rhotekin Rho-binding domain (RhotekinRBD, positive 
control), GST-M-RIP545-823 or GST-M-RIP545-878. GST-RhotekinRBD bound 
Rho-GTP preferentially (Ren et al, Academic Press. Regulators and Effectors of 

10 Small GTPases. Balch, (2000) 325:265-270) whereas both GST-M-RIP545-823 
and GST-M-RIP545-878 bound HisRhoA, without preference for GDP or GTP 
binding state of the low molecular weight G-protein (FIGURE 5B). 

Our results indicate that M-RIP assembles a complex including the Myosin 
Binding Subunit (MBS) of myosin phosphatase and RhoA. In particular, RhoA 

15 binds an M-RIP domain that includes amino acids 545-823 (FIGURE 5B) while 
MBS binds a domain that includes amino acids 823-878 (FIGURES 4B and 4C). 
An M-RIP construct containing both domains was expressed in COS1 cells and 
used to test the hypothesis that this region of M-RIP assembles a ternary complex 
of M-RIP with MBS and RhoA (FIGURE 5C). RhoA bound equally well to GST- 

20 M-RIP545-823 and to GSTM-RIP545-878, though MBS did not bind to GST-M- 
RIP545-823. These data support that amino acids 545-878 of M-RIP, via adjacent 
RhoA and MBS binding domains, mediates binding of both RhoA and MBS, and 
that MBS binding is not required for the binding of RhoA to M-RIP (FIGURE 
5C). 

25 Our results also show that M-RIP is associated with RhoA/Rho-kinase in 

vivo. RhoA and Rho-kinase have been shown to colocalize with actin stress fibers, 
and are present in stress fiber preparations made by glycerol extraction, but are 
lost from stress fibers extracted with Triton X (Katoh et al, (2001) J. Cell Biol. 
153:569-583; Chen et al, (2002) J.Biol.Chem. 277:12680-12688). When Triton 
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and Glycerol extracted stress fibers from vascular smooth muscle cells were 
examined by immunoblot, both contained actin, MBS and M-RIP, whereas 
glycerol extracted stress fibers, but not Triton extracted stress fibers, also 
contained RhoA and Rho-kinase (FIGURE 6A). Immunostaining of glycerol- 
5 extracted vascular smooth muscle cells revealed colocalization of M-RIP, MBS 
and RhoA with actin stress fibers (FIGURE 6B). Because of the requirement of 
detergent and high ionic strength conditions for MRIP solubilization, RhoA could 
not be detected in the M-RIP immunopellet by immunoblot. However, the M-RIP 
immunopellet contained kinase activity (FIGURE 6C) that was inhibited 45% (P= 

10 0.005, n=3) by the Rho-kinase inhibitor Y27632 (FIGURE 6D) supporting an 
association between M-RIP and RhoA/Rho-kinase in vivo. 

Overall, we have identified M-RIP, a protein that is expressed in human 
vascular myocytes and that is bound to myosin phosphatase. Immunostaining 
experiments show that M-RIP colocalizes with actin myofilaments, consistent with 

15 pi 16RIP3 binding to actin. M-RIP is thus localized to the contractile filament 
where myosin light chain phosphorylation regulates contractile state, therefore 
implicating M-RIP in myosin phosphatase regulation. The amino terminus of M- 
RIP contains adjacent pleckstrin homology domains and polyproline motifs, a 
structural combination also found on Bruton's tyrosine kinase where it mediates 

20 binding to both actin and Gall. This region of pi 16RIP3 mediates actin binding 
and actin bundling activity in vitro. Whereas pi 16RIP3 has been noted to be 
present in the cell nucleus, we could not detect endogenous M-RIP in the nucleus 
of vascular smooth muscle cells, implying either a difference in localization 
between the murine and human homologs, or cell type-specific nuclear 

25 localization. 

The C-terminal domain of M-RIP interacts with both MBS and RhoA. The 
RhoA-binding domain of M-RIP overlaps the amino-terminal 95 amino acids of 
CC2, suggesting an indirect interaction between M-RIP and MBS via RhoA. 
However, we have found that both RhoA and MBS bind M-RIP directly to 
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separate and adjacent domains (amino acids 545-823 for RhoA and 823-878 for 
MBS). Our data therefore supports a model where M-RIP binding brings MBS 
and RhoA into proximity (FIGURE 7). The C-terminal domain of MBS contains a 
leucine zipper domain that mediates binding to a leucine/isoleucine zipper in 
5 cGMP-dependent protein kinase la. Here, we show that the MBS leucine zipper 
domain also binds the C-terminal fifty five amino acids of the M-RIP CC2 
domain. Thus the same domain of MBS binds to both proteins. MBS may 
therefore bind M-RIP and cGMP-dependent protein kinase la simultaneously 
because M-RIP can interact with cGMP-dependent protein kinase la, as shown by 

10 coimmunoprecipitation, without evidence of direct binding, suggesting that the 
interaction occurs indirectly with MBS as the intermediary protein. 

Using both purified protein interaction studies and cell lysates, we found 
that M-RIP binds RhoA directly and independently of nucleotide binding state. 
The high ionic strength and detergents required to solubilize and 

15 immunoprecipitate M-RIP would be expected to disrupt binding to RhoA and 
Rho-kinase (Katoh et al, supra). However, using a glycerol extraction method 
shown to preserve RhoA and Rho-kinase localization to stress fibers (Katoh et al, 
supra) we found that M-RIP copurified with RhoA and Rho-kinase. 
Immunostaining of glycerolextracted coronary myocytes confirmed that stress 

20 fiber architecture and colocalization of M-RIP, MBS and RhoA with these 

structures was preserved. Furthermore, despite the presence of detergent and high 
ionic strength, Rho-kinase activity could be detected in the M-RIP immunopellet 
due to the high sensitivity of autoradiography. Coupled with the in vitro direct 
binding studies, these data strongly support that M-RIP interacts with RhoA in 

25 Vivo. 

In summary, M-RIP, the human homolog of pi 16RIP3, binds myosin 
phosphatase and RhoA in vascular smooth muscle cells. Our binding studies 
support a model where M-RIP brings MBS and RhoA into proximity (FIGURE 7). 
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The binding to myosin phosphatase and RhoA and localization to actin 
myofilaments indicate that M-RIP may target RhoA to the myosin phosphatase 
complex to regulate myosin phosphorylation state. 

The above experiments were performed using the following materials and 
methods. 

Materials and Methods 

Vectors pGBT9, and pGAD424, yeast strain Y190 and human aorta 

The Matchmaker cDNA library was obtained from Clontech. Vector 
pCMV-Tag was obtained from Stratagene. All enzymes were from New England 
Biolabs. Y27632 was from Tocris. pGEX vectors were from Pharmacia, pQE 
vectors from Qiagen and pCI mammalian expression vector was from Promega. 
The TA cloning system was from Invitrogen. 

Antibodies were obtained as follows: anti-MYPTl from Covance, anti- 
RhoA, anti-GSTand anti-PPl from Santa Cruz Biotechnology, M2 antibody from 
Sigma, anti-cGMPdependent protein kinase from Stressgen and anti-ROKa from 
Transduction Labs. 

Cell Culture 

All cells were maintained in DME with 10% fetal bovine serum. COS-7 
cells were from the American Type Culture Collection. Human aortic and 
coronary smooth muscle cells were cultured by the explant method. Aol84 and 
Co399 cells were immortalized using adenovirus expressing E6 and E7 and 
selection for G418 resistance. Transfections were performed by electroporation. 

Yeast 2-Hybrid Screening 

Human MBS-Cterm, base pairs 2043-3090 (kind gift of Dr.Masaaki Ito) 
was cloned into the EcoRl site of yeast 2-hybrid vectors pGBT9 and pGAD424, 
expressing MBS fusion proteins with Gal4 DNA binding domain and DNA 



42 



activating domain, respectively. Expression of MBS-Cterm in yeast was 
confirmed by dimerization when MB S-Cterm-pGBT9 and MBS-Cterm-pGAD424 
were coexpressed in yeast (data not shown). Yeast strain Y190 was sequentially 
transformed with MBSCterm- pGBT9 and a human aorta cDNA library (Clontech) 
5 using the lithium acetate method. Interactions were identified by growth on 
selective media, and confirmed by colony lift filter /?-galactosidase assay. The 
cDNA library plasmid was extracted from confirmed positive yeast colonies, and 
sequenced at the Tufts Core Sequencing Facility. 

10 Cloning of Full Length M-RIP 

Primers were designed to amplify the 5 5 sequence of MRIP. The 5 5 primer 
was based on a human EST which is homologous to the 5 5 sequence of mouse and 
rat pi 16RIP3, gb AI 678749 ( 5' ACC ATG TCG GCA GCC AAG GAG AAC 
CCG TGC 3' (SEQ ID NO: 3)). The 3' primer was based on sequence within yeast 

15 2-hybrid clone 6 (5 5 CCG CTC CTG AGC CAG GGC CTG CTG GAT GGG 3' 
(SEQ ID NO: 4)). The 5' M-RIP sequence was amplified from the human aorta 
cDNA library. The PCR product was ligated into pCRII using the TA cloning 
system and sequenced. Full-length M-RIP was generated by overlap-extension 
PCR using 5' M-RIP (bp 1-1686) and yeast 2-hybrid clone 6 (bp 1599-3076) alone 

20 for the first 5 cycles, then adding M-RIP 5 5 and 3' primers (5 5 ACC ATG TCG 
GCA GCC AAG GAG AAC CCG TGC 3' (SEQ ID NO: 5)and 5' ATT TCA 
GGT ATC CCA CGA GAC CTG CTC AAT 3' (SEQ ID NO: 6)) for 25 cycles. 
The PCR product was ligated into pCRII using the TA cloning system. Full length 
M-RIP was sequenced in both directions (Genbank accession #AY296247). 

25 

DNA Constructs 

Full-length M-RIP with an amino-terminal Flag tag was constructed as 
follows: Amino-terminal M-RIP was amplified from full-length M-RIP using 
primers 8 which incorporated a 5' Flag sequence (5 5 GAT GAA TTC CGA CCA 
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TGG ACT ACA AGG ACG ACG ATG ACA AGT CGG CAG CCA AGG AGA 
ACC CGT GCA GG 3' (SEQ ID NO: 7) and 5' CCG CTC CTG AGC CAG GGC 
CTG CTG GAT GGG 3' (SEQ ID NO: 8)) and the PCR product which included 
the amino-terminal half of M-RIP was cloned into mammalian expression vector 
5 pCI. All but the Flag-tagged amino terminus of M-RIP was replaced by adding the 
Age 1 /Not 1 fragment from wild-type M-RIP to generate full-length Flag-tagged 
MRIP. M-RIP coiled coil domains were amplified from full-length M-RIP using 
the following primers: CC1: 5'TGC GGT CGA CCT CGC ACG TGG CCT GCA 
GCA CGT AGC C 3' (SEQ ID NO: 9) and 5' TGC GGT CGA CCT CCC GGC 

10 CCA GGG CCA CCC TCA GCT G 3' (SEQ ID NO: 10), CC2: 5' CCG GAA 
TTC CGA GGG TTT GCA GCA ATG GAA GAA ACG 3' (SEQ ID NO: 1 1) and 
5' TGC GGT CGA CAG TCA GCA GCG TCC GCA ACC GTG TGA T 3' (SEQ 
ID NO: 12), CC3: 5' CCG GAA TTC GCC TAT GAA CTA GAG GTC TTA 
TTG CGG 3 '(SEQ ID NO: 13) and 5' TGC GGT CGA CGG GGA CTT CTC 

15 CCC CAG TGC TTC CGT T 3'(SEQ ID NO: 14). PCR products were cloned into 
pGEX and pQE vectors for expression as GST and polyhistidine fusion proteins, 
respectively. M-RIP545-823 and M-RIP545-878 were amplified from full length 
MRIP by PCR using the following primers. M-RIP545-823: 5' CGCGGATCC 
GCT GAG TTC CGT CCC ATC CAG CAG (SEQ ID NO: 15) and 3' 

20 GGCGAATTC CCG AGA GGA CCA CCA GTT CCC GC (SEQ ID NO: 16). 
M-RIP545-878 was amplified using the 5' M-RIP545-823 primer and the 3'CC2 
primer. Both PCR products were cloned into pGEX and pCMV-Tag2B (Clontech) 
vectors for expression of GST-fusion proteins in bacteria and Flag-tagged proteins 
in mammalian cells respectively. Wild-type Flag-RhoA cDNA and GST- 

25 RhotekinRBD were kind gifts of Dr. Naoki Mochizuki. RhoA was cloned into 
pQE for expression of polyhistidine-tagged RhoA in bacteria. RhotekinRBD 
includes amino acids 1-99 of 9 mouse Rhotekin (Reid et ai, (1996) J.Biol.Chem. 
271 : 13556-13560), amplified by PCR from a mouse cDNA library and ligated into 
pGEX4T-3. GST-MBSLZ (amino acids 847-1030) was made as described (Surks 
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et al supra). GSTMBSLZmutant was made as described (Surks et al., supra). 
GFP-MBS was prepared by amplifying full-length human MBS from the Clontech 
human aorta library, followed by ligation into pEGFP. GFP-MBSLZM was 
prepared by replacing the C-terminal domain of GFP-MBS with the C-terminal 
5 domain of GST-MBSLZmutant All DNA constructs were fully sequenced in both 
directions. 

Production of anti-M-RIP antisera 

cDNA encoding the 5' 480 bp of M-RIP was amplified from full-length M- 
10 RIP using PCR primers: 5' ATC GAA TTC ATG TCG GCA GCC AAG GAG 
AAC 3' (SEQ ID NO: 17) and 5' CGA TCC TCG AGC TTC TTC TGA TTC 
TGC TTG TT 3' (SEQ ID NO: 18). The PCR product was ligated into pGEX and 
sequenced. The GST-fusion protein of N-terminal M-RIP (RIP 1-1 60) was 
expressed in and purified from bacteria as described (Surks et al, supra). GST- 
15 RIP1-160 was eluted from glutathione agarose beads and specific rabbit antiserum 
was produced at Alpha Diagnostic International, San Antonio TX. Crude antisera 
were purified on protein A beads as described (Harlow et al, (1988) Antibodies, A 
Laboratory Manual). 

20 Preparation of Fusion Proteins 

GST- and 6Xhis-fusion proteins were grown in bacteria overnight at 37oC 
in LB with 150(ig/ml ampicillin. The culture was diluted ten fold with LB/Amp, 
and incubated an additional 1 hour. IPTG was added to a final concentration of 
O.lmM for GST-fusion proteins and ImM for 6Xhis-fusion proteins, and the cells 
25 were incubated 4 hours, pelleted and frozen. For GST- fusion proteins, the cell 
pellet was thawed and resuspended in 35ml of 20mM Tris pH 8, lOOmM NaCl, 
1.5mM EDTA, 10 0.1% sarkosyl, 0.25mg/ml lysozyme, 2mM PMSF, lOmM 
benzamidine, 20mM DTT and O.Ol^ig/ml each of aprotinin, leupeptin and 
pepstatin A. The cell lysate was incubated on ice for 15 minutes, then EDTA and 



sarkosyl were added to final concentrations of 5mM and 1 .4%, respectively. The 
lysate was sonicated, centrifuged and to the supernatant was added 20 ml of 10% 
Triton X and glutathione-agarose beads. This was incubated for 2 hrs at 4oC, 
following which the beads were washed with cold PBS. GST- fusion proteins were 

5 either stored at 4oC bound to glutathione agarose beads, or eluted from beads in 
50mM Tris pH 8.0 and 15mM reduced glutathione, snap frozen and stored at - 
80oC. For 6Xhis-fusion proteins, the bacterial pellet was resuspended in lysis 
buffer consisting of 50mM NaH2P04 pH 8.0, 300mM NaCl, lOmM Imidazole, 
0.01 [ig/m\ each of aprotinin, leupeptin and pepstatin A, 2mM PMSF. Lysozyme 

10 was added to a final concentration of lmg/ml and incubated for 30 minutes on ice. 
The lysate was then sonicated and centrifuged at 12,500 rpm for 20minutes. The 
supernatant was incubated with 0.5 ml of Ni-NTA beads (Qiagen) for two hours, 
then washed with lysis buffer. 6Xhis fusion proteins were then stored at 40C 
bound to Ni-NTA beads, or eluted from the beads in 50mM Tris pH 8.0, 150mM 

15 NaCl, 5mM MgC12, ImM DTT and 250mM imidazole, snap frozen and stored at - 
80°C. 

Purification and Loading of 6XhisRhoA 

The procedure was based on that of Diekmann and Hall (Diekmann et al. f 
20 (1995) Academic Press. Small GTPases and Their Regulators 256:207-215.). 
Briefly, 6XhisRhoA was purified as described above for 6Xhis-fusion proteins. 
Eluted 6XhisRhoA was dialyzed in lOmM Tris pH 7.5, 150mM NaCl, 2mM 
MgC12 and O.lmM DTT, then snap frozen. Two jig of purified 6Xhis RhoA was 
loaded in 50mM Tris 7.5, 5mM EDTA and 0.5mg/ml BSA with either 200fiM 
25 GTP7S or GDP/5S 1 1 for 15 minutes at room temperature, followed by the 
addition of MgC12 to a final concentration of 60mM. 

Solubility Assay 

Subconfluent cultured human aortic smooth muscle cells were rinsed twice 
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with cold PBS and lysed in 50mM Tris pH 7.5, ImM EDTA, 0.5% NP40, 2mM 
PMSF, 0.01|ig/ml each of aprotinin, leupeptin and pepstatin A, and NaCl, 250 or 
350mM. Lysates were incubated one hour at room temperature, then centrifuged at 
14,000 rpm for 20 minutes. The supernatant fraction was precleared with protein 
5 A beads, then used for immunoprecipitation with polyclonal anti-M-RIP antibody 
as described below. An equivalent percentage of each fraction was analyzed by 
anti-M-RIP immunoblot. 

Co-immunoprecipitation Assays 

10 Confluent cultured human aortic smooth muscle cells were rinsed in PBS, 

then lysed in buffer A (50mM Tris pH 7.6, 7mM MgC12, 2mM EDTA, 2mg/ml n- 
Dodecyl-B-maltoside, 0.4mg/ml cholesteryl hemisuccinate, 0.6M NaCl, lOmM 
sodium molybdate, 2mMPMSF, and O.Oljug/ml each of aprotinin, leupeptin and 
pepstatin A) for MBS immunoprecipitations and in buffer B (40mM Tris pH 7.5, 

15 0.275M NaCl, 4mM EDTA, 2% Triton X, 20% glycerol, 50mM /3-glycerol 

phosphate, 2mM PMSF, and 0.01|ig/ml each of aprotinin, leupeptin and pepstatin 
A) for M-RIP and cGMP-dependent protein kinase immunoprecipitations. Cell 
lysates were incubated one hour at room temperature, then centrifuged at 14,000 
rpm for 20 minutes at 40C. The supernatant was precleared with protein A beads 

20 and incubated overnight with either polyclonal anti-M-RIP, anti-MBS or anti- 

cGMP-dependent protein kinase 1. Protein A 12 beads were added, and the lysates 
were incubated 2 hours. The beads were washed three times with buffer C (50mM 
Tris pH 7.6, 7mM MgC12, 2mM EDTA), then proteins were eluted in SDS sample 
buffer and analyzed by SDS-PAGE and immunoblotting as above. 

25 For co-immunoprecipitation of MBS with Flag-M-RIP domains, COS1 

cells were transfected by electroporation, and lysates prepared with buffer A as 
above after 48 hours. Immunoprecipitations were performed as above except that 
M2 antibody was used for immunoprecipitation, and protein G beads were used to 
collect antigen-antibody complexes. 



Fusion Protein Interaction Assays 

For fusion protein interactions with proteins from cell lysates, confluent 
cells were rinsed twice with ice cold PBS, lysed in buffer A, incubated for 1 hour 
at room temperature, then centrifuged at 14,000 rpm for 20 minutes at 40C. The 
5 supernatant was mixed with GST-fusion proteins prebound to glutathione agarose 
beads. After overnight incubation at 40C, the beads were washed with buffer C, 
eluted with SDS sample buffer and bound proteins were analyzed by 
immunoblotting. For fusion protein interactions with purified proteins, fusion 
proteins immobilized on beads were incubated in buffer A for one hour with 
10 purified soluble protein previously eluted from beads. After incubation, the beads 
were washed three times with buffer C, bound proteins were eluted in SDS sample 
buffer and analyzed by immunoblotting with anti-GST antibodies. 

Stress Fiber Preparation 

15 Stress fiber preparation was prepared as follows (adapted from Katoh et al 

(Katoh et al, supra). Human aortic smooth muscle cells were grown on two 
100mm dishes to near confluence, washed with cold PBS, then 13 extracted with 
10 ml of TEA extraction buffer (2.5mM TEA, l|ig/ml leupeptin and pepstatin A, 
20jig/ml aprotinin) for 30 minutes, shaking, with replacement of extraction buffer 

20 every 2-3 minutes. Remaining cell components were then further extracted using 
10ml of Triton buffer (0.5% Triton X 100, l|ng/ml of leupeptin and pepstatin A, 
20(ig/ml of aprotinin in PBS) for Triton extractions or 10ml of Glycerol buffer 
(50% glycerol, l^g/ml each of leupeptin and pepstatin A, 20fxg/ml aprotinin in 
PBS) for glycerol extractions for 5 minutes while shaking, with replacement of 

25 extraction buffer twice. 

Triton or glycerol was then removed by washing with 10 ml aprotinin-PBS 
(20|ig/ml aprotinin, ljig/ml of leupeptin and pepstatin A in PBS) for 10 minutes 
while shaking with one replacement of wash buffer. Remaining insoluble material 
was then scraped in aprotinin-PBS, and homogenized with a Z-shaped 21 gauge 



needle. The insoluble debris was pelleted at lOOOg for 5 minutes, and stress fibers 
were isolated by centrifugation of the supernatant at 100,000g for 1 hour. The 
stress fiber pellet was boiled in 0.1ml of protein sample buffer and subjected to 
SDS-PAGE and immunoblotting with the indicated antibodies. For 
5 immunostaining of purified stress fibers, human coronary artery smooth muscle 
cells were grown on coverslips and glycerol-extracted as described above. Stress 
fibers were then fixed and immunostained as described below. All antibody 
dilutions were 1 : 1 00. 

io Kinase Assay 

Subconfluent human aortic smooth muscle cells were lysed and M-RIP 
immunoprecipitated as described for the solubility assay above, with 350mM 
NaCl. The M-RIP and nonimmune IPs were washed with Rho-kinase assay buffer 
(adapted from Feng et al (Feng et al, (1999) J.BioLChem. 274:3744-3752), 20mM 

15 Tris pH 7.5, lOOmM KC1, O.lmM DTT, 5mM MgC12, ImM 14 EDTA, ljuM 

okadaic acid) with or without IjiM Y27632. After the addition of 20jiCi of 32P-7- 
ATP, the samples were incubated for 20 minutes at 30°C. The reaction was 
stopped by the addition of protein sample buffer, the samples were boiled 5 
minutes and then analyzed by SDS-PAGE and autoradiography. The 

20 phosphobands were quantitated by densitometry using an Alpha Innotech image 
analyzer, and graphed using SigmaPlot 5. 

Immunofluorescence Staining 

Human coronary artery smooth muscle cells were plated on coverslips in 
25 DME with 10% fetal bovine serum. The coverslips were washed with PBS twice, 
then fixed in 3.7% paraformaldehyde. The cells were permeabilized with 0.3% 
Triton X and 10% donkey serum, -then blocked in PBS with 10% donkey serum. 
The cells were incubated with 1:400 anti-RIP (Transduction Laboratories) in 10% 
donkey serum in PBS for 1 hour. After washing in PBS, the cells were incubated 



in 1:500 donkey anti-mouse IgG conjugated to Cy3 (Jackson ImmunoResearch) 
and phalloidin-FITC (Sigma) or Alexa Fluor 488-phalloidin (Molecular Probes) in 
PBS for 1 hour. 

Cells were washed in PBS and mounted on glass slides with SlowFade 
5 (Molecular Probes). 

Amino acid alignments were performed using the BLAST 2 sequences 
program from the National Center for Biotechnology Information. Protein 
structure prediction was made using the Simple Modular Architecture Research 
Tool (http://smart.embl-heidelberg.de/), phosphorylation sites were predicted 
10 using Omiga (Oxford Molecular) and nuclear localization signals were predicted 
using PredictNLS Online (http://cubic.bioc.columbia.edu/predictNLS/). 

Other Embodiments 

All publications and patent applications cited in this specification are herein 
15 incorporated by reference as if each individual publication or patent application 
were specifically and individually indicated to be incorporated by reference. 
Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in light of the teachings of this 
20 invention that certain changes and modifications may be made thereto without 
departing from the spirit or scope of the appended claims. 

What is claimed is: 

25 



